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COMPLETE SPECIFICATION 

Improvements in and relating to the production of Composite 
Metallic Strip or Bod 

We, Johnson, Matthey and Company and transverse distribution of the metals in 

Limited, a British Company, of 78, Hatton the extruded product. 

Garden, London, E.C.1, do hereby declare the Various expedients have been suggested for 45 

invention for which we pray that a patent may overcoming this difficulty, ranging from the 

5 be granted to us, and the method by which it provision of a glass-like lubricant between the 

is to be performed, to be particularly de- composite billet and the die and between the 

scribed in and by the following statement: — billet and the billet container, for the purpose 

This invention relates to improvements in of attaining longitudinal uniformity, to pre- 50 

and relating to the production of composite determined relative arrangements of the com- 

10 bi-metallic or multi-layered metallic strip or ponents of the composite billet. 

rod. Another method aimed at achieving both 

Various methods are known for the produc- longitudinal and transverse uniformity of dis- 

tion of composite strip or rod, the most usual tribution of the metals in a composite rod or 55 

method being to arrange strips of the two or wire consists in extruding a coating metal 

15 more metals required in the finished article in through a die around a pre-formed wire or 

superposed relation to one another and to pass rod, which is preferably fed forward in the 

the heated composite strip through Tollers by direction of extrusion through the die at a 

means of which the two or more layers are speed in conformity with the rate of extrusion 60 

intimately bonded to one another to form a of the coating metal. 

20 unitary strip. Tn e principal object of this invention is to 

It is also known to form a metallic strip or provide an improved method of making bi- 

rod by extrusion of a metallic billet through metallic or multi-layered metallic strip or rod, 

a die of the desired cross-section. which is simple and efficient. 65 

It has, moreover, been suggested to form a Another object is to provide a method of 

25 composite rod or wire by means of an ex- making bi-metallic or multi-layered metallic 

trusion procedure. By this procedure a rod or strip or rod by means of which unformity of 

wire of one metal having a sheathing of distribution of the component metals through- 

another metal may be formed by extruding a out the length of the strip or rod is assured. 70 

composite billet formed of the two metals A further object is to enable bi-metallic or 

30 through a die in a single extrusion operation, multi-layered metallic strip having uniform 

Or instead of a single composite billet, two longitudinal and transverse distribution of the 

superposed billets may be used, simultaneous component metals throughout the strip to be 

extrusion being effected by a single ram obtained by an extrusion method. 75 

through a die. According to the invention, there is pro- 

35 Whilst the methods above referred to vided a method of producing bi-metallic or 
basically achieve their intended purpose of multi-layered metallic strip or rod which corn- 
providing a composite product, considerable prises extruding two or more separate billets, 
difficulty is experienced, particularly in the each composed of a different metal or alloy 80 
case of billet extrusion, in attaining a satisfac- from the other billet or billets, and each con- 

40 tory degree of uniformity of the two metallic tained in a separate container, simultaneously 

layers throughout the extruded products, that through a common die, the volume of metal 

is to say, the required uniform longitudinal extruded from each billet being predetermined 

[Price 3s. 6d.] 
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in accordance with the relative propo^ of 
the metallic layers required in the extruded 

PI It"? to be understood that by the term 
"billet" as used herein and in the claims is 
meant either a solid metal billet or a pressed 
and sintered metal powder compact. 

Each billet is preferably composed of only 
a single metal or alloy, the number of biUets 
simultaneously extruded being to^™"**? 
the number of layers required in the finished 

Pr ES'billet is preferably extruded by an in- 
dependently operated ram, the simultaneous 
extrusion of the requisite volumes of ! mead 
from the respective billets being obtained 
either by the use of billets of the same cross- 
sectionaf area and adjustment of the relauve 
speeds of the rams as required, or by dnvmg 
ie rams at the same speed and using bdlets 
the relative cross-sectional areas of which 
have been predetermined as required In to 
latter case, of course, the rams may, if d^ired 
be actuated by a common operating 

^itlxtruHon operation is advantageously 
carried out at a temperature such that the two 
or more metals or alloys being extruded be- 
come pressure welded together in the die and 
below that at which the formation of a liquid 
phase can arise due to interaction between the 

"ffiSgfS?** invention, the billets 
may be located in containers arranged, m 
pa^lel relation, vertically above or below to 
extrusion die and be extruded, by vertical 
operating rams. Or, the containers may be 
arranged horizontally on one or on opposite 
sides of the die and horizontally moving rams 
be used. Or, again, if desired, a combination 
of these procedures may be employed, one or 
more of the billets being arranged verticaUy 
and the other billet or billets dis- 
posed horizontally with respect to to common 
die extrusion being effected by independently 
opeVaS^erticall/and horizontally moving 

™Bv suitable choice of die, the invention may 
be applied to to production of ordinary con- 
&5£ Overlay o/May.extruded bi-metal or 
multi-layered metal sections or edge-lay sec- 
tions, mere independently operated rams , m 
used, discontinuous or ' interrupted muta- 
layered sections can, obviously, readily be ob- 
nriaed bv the method of the invention 

My Kble combination of metals or 
alloys may be used in carrying out die inven- 
tion, such as are commonly employed m exBt- 
Lig methods of making composite met* stop 
or rod. For example, combinations of silver- 
coppet s^r-sJ, suver-phosphor bre^or 
sUver-idmium may be used. Any other suit- 
S craibination o* base metals or alloys or 
of baS metal and noble metal or alloys.thereof 
may, however, be employed m carrymg out 
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the invention. The choice of suitable combina- 
tions is considered to be well within^he capa- 
city of persons skilled in the art and it is not 
therefore necessary to enumerate them here 

In order that the invention may be fully 
understood, one embodiment thereof, as 
applied to the production of silver-copper bi- 
metal strip, will now be described by way of 
example, by reference to the accompanying 
diagrammatic drawing, the single figure ot 
which shows, in sectional side view, a double 
horizontal ram extrusion press suitable for 
carrying out to method of the invention. 

Referring to to drawing, the extrusion 
press, generally designated by the reference 
numaal 1, comprises a pair of opposed cylin- 
ders 2 and 3, horizontally disposed on oppo- 
site sides of a die 4. Between each of the cylin- 
ders 2 and 3 and to die 4 is located a con- 
tainer denoted by the numerals 5 and 6 respec- 
tively, said containers having openings 7 and 
8 respectively therein for the reception of 
billets to be extruded. 

Slidable in the cylinders 2 and 3 are ram 
pistons, designated respectively by numerals 9 
and 10, the ram extensions 11 and 12 of which 
are adapted to enter the openings 7 and 8 in 
the containers 5 and 6 during the extrusion 
operation. The ram pistons 9 and 10 are actu- 
ated in the direction of extrusion by the inde- 
pendently controlled introduction to the cylin- 
ders 2 and 3 of pressure fluid from a suitable 
source of supply (not shown) through inlet 
ports 13 and 14 respectively. 15 and 16 indi- 
cate further inlet ports for pressure fluid to 
effect to return movement of the rams 9 ana 

10 The die passage comprises two convergent 
portions 4c and 46 which unite into a single 
outlet passage \c. . 

In the case where the bi-metal strip to be 
extruded is to comprise two layers of dif- 
ferent metals of equal thickness, to volume ot 
each metal extruded will be to same, and to 
rams 9 and 10 will be simultaneously moved 
at the same speed and to pressure on both 
sides of to die 4 will be the same or substan- 
tially the same. However, when the relative 
volumes of metal to be extruded differ from 
one another, the necessary difference in the 
speed of the rams, coupled with to difference 
in hardness of the metal or alloy billets, will, 
however, in general cause the loads exerted by 
to two rams to differ to a considerable extent. 
In order to compensate for, or balance, this 
difference in pressure, to press 1 is provided 
with a slidable portion 17, actuatable by a pair 
of balancing rams 18 and adapted, during the 
extrusion operation, to exert pressure on the 
end of the container 6. With to billets so 
placed, that to greater load is always exerted 
by the ram 10, the unbalanced force on the 
die 4 will force this firmly against to end 
face of the container 5, ensuring a tight seal 
and preventing leakage of metal from to billet 
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19 between the die 4, and the container 5. 
The pressure exerted by the balancing rams 
18 will seal the container € against the die 4. 
In carrying out the method of the invention 
5 with the use of the above described press for 
the production of copper-silver bi-metal strip, 
comprising a basis layer of copper of predeter- 
mined thickness and a silver layer of lesser 
predetermined thickness, the rams 9 and 10 
10 are first withdrawn away from the die 4 to the 
furthest extent of their stroke. 

A preheated silver billet 19 is then placed 
in the opening 7 in the container 5 and a pre- 
heated copper billet 20 placed in the opening 
15 8 in the container 6. Pressure is then applied 
simultaneously to the ram pistons 9 and 10, 
causing them to move towards the die 4, and 
the ram extensions 11 and 12 to enter the con- 
tainer openings 7 and 8 respectively. As will 
20 be understood, the relative speeds of the rams 
9 and 10 are adjusted in accordance with the 
required relative volumes of metal to be simul- 
taneously extruded. Continued movement of 
the rams 9 and 10 causes metal of the silver 
25 billet 19 to be extruded through the die 
passage 4 a whilst, at the same time, metal of 
the copper billet 20 is extruded through the 
die passage 4 b. The two extrusions thus con- 
verge and meet at the inner end of the die 
30 passage 4 c, to issue from the outlet end of 
the said passage 4 c 9 in the form of a con- 
tinuous composite copper-silver overlay bi- 
metal strip, as indicated at 21 in the drawing. 
The extrusion operation is carried out at a 
35 temperature such that the copper and silver 
layers beccme pressure welded together in the 
die passage 4 c. A metal temperature of the 
order of 750° C. will be found to produce an 
efficient weld. 
40 In the above, the rams 9 and 10 have been 
stated to be independently controlled and 
driven at different speeds. In the example de- 
scribed, this is, of course, necessary as the 
billets 19 and 20 have the same cross-sectional 
45 areas. If desired, however, the container 6 
may be modified so as to accommodate a billet 
of smaller cross-sectional area than the con- 
tainer 5, the relative cross-sectional areas of 
the billets being predetermined in accordance 
50 with the relative thickness of the metals re- 
quired in the finished product. In this case, 
the two rams 9 and 10 will be driven at the 
same speed, and may, if desired, be controlled 
by a common control mechanism. 
55 Although, in the above example, the pro- 
duction of an overlay bi-metal strip has been 
described, it will be understood that, by suit- 
ably modifying the extrusion die opening, in- 
lay bi-metal strip, that is to say, strip in which 
60 one layer e.g. the silver layer lies in a channel 
formed in the other layer during extrusion 
may be obtained. Or, one of the metals may 
be extruded through two separate channels in 
the die so as to form two edge layers of one 
65 metal on the other extruded layer. 



Moreover, by the addition of a further ram 
or rams, which may be horizontally or ver- 
tically operating as described, tri-metal or 
multi-layered metal strip or rod may readily 
be obtained by the method of the invention. 70 

Furthermore, when independently operated 
rams are used, one or more of the rams may 
be operated intermittently whilst the other or 
others is/are continuously operated. By this 
means, strip composed of bi-metal sections 75 
spaced by single metal layer sections, or 
multi-layer metal sections spaced by bi-metal 
sections may be produced. 

It is also to be understood that the inven- 
tion is intended to Include within its scope bi- 80 
metal or multi-layered metal strip or rod 
when made by the method of the invention. 

WHAT WE CLAIM IS: — 

1) . A method of producing bi-metallic or 
multi-layered metallic strip or rod which com- 85 
prises extruding two or more separate billets, 
each composed of a different metal or alloy 
from the other billet or billets and each con- 
tained in a separate container, simultaneously 
through a common die, the volume of metal 90 
extruded from each billet being predetermined 

in accordance with the relative proportions of 
the metallic layers required in the extruded 
product. 

2) . A method as claimed in Claim 1 where- 95 
in each billet is composed of a single metal or 
alloy only. 

3) . A method as claimed in either of the 
preceding claims wherein each billet is ex- 
truded by an independently operated ram. 100 

4. A method as claimed in Claim 3, where- 
in the billets have the same cross-sectional 
area and the relative speeds of the rams are 
adjusted according to the predetermined 
volume of metal to be simultaneously extruded 105 
from the respective billets. 

5) . A method as claimed in Claim 3, where- 
in the rams are driven at the same speed, and 
the relative cross-sectional areas of the billets 

are such as to provide the required relative 110 
volumes of extruded metaL 

6) . A modification of the method claimed 
in Claim 5 wherein the rams are activated by 
a common operating mechanism. 

7) . A method as claimed in any of the pre- 115 
ceding claims wherein the extrusion is carried 

out at a temperature such as to cause the two 
or more metals or alloys being extruded to 
become pressure welded together in the die. 

8) . A method as claimed in any of the pre- 120 
ceding claims wherein -the billets are arranged 

in vertically disposed containers located above 
or below the extrusion die and are extruded 
by vertically operating rams. 

9) . A method as claimed in any of the 125 
claims 1 — 7 wherein the billets are arranged 

in containers disposed horizontally on one or 
on opposite sides of the die and are extruded 
by horizontally moving rams. 

10) . A method as claimed in any of Claims 13Q 
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W7 wherein a combination of both vertical 
and horizontal containers and associated ver- 
tically and horizontally operating rams is em- 

P 10 ^' The proved method of producing 
bi-metallic or multi-layered metallic sttip or 
tod substantially as hereinbefore described. 

12) The method of making copper-silver bi- 
metal strip substantially as hereinbefore de- 
10 scribed with reference to the accompanying 
drawing. 



13). Bi-metallic or multi-layered .metalUc 
strip or rod when made by the method claimed 

"ur^^bi-metal strip when 15 
made by the method claimed in claim 12- 

CHARLES K. REDFEKN, 
78. Hatton Garden, London, E.O.l. 
Chartered Patent Agent, 
Agent for Applicants. 



PROVISIONAL SPECIFICATION 



We, Johnson, Matthey & Company 
LjmSed a British Company of 78 Hatton 
Garden, London, E.C.1, do hereby declare 
20 this invention to be described in the following 
statement : — 

This invention relates to improvements in 
and relating to the production of composite 
bi-metallic or multi-layered metallic strip or 

25 "various methods are known for the produc- 
tion of composite strip or rod, the must usual 
method being to arrange strips of the oto or 
more metals required in the finished article m 

30 superposed relation to one anolher and ro pass 
theheated composite stnp through rollers by 
means of which the two or ™re layers are 
intimately bonded to one another to form a 

35 UD ftl dso' known to form a metallic strip 
or rod by extrusion of a metallic billet through 
a die of the desired cross-section. 

It has, moreover, been suggested to form a 
composite rod or wire by means of an extru- 

40 sion procedure. By this procedure a rod or 
wire of one metal having a sheathing of 
another metal may be formed by extruding a 
composite billet formed of the two ratals 
through a die in a single extrusion operatton. 

45 Or instead of a single composite billet, two 
SeSedbflletsmaybeuse^simuI^taneom 

fusion being effected by a single ram 

th WMlst the methods above referred to basic- 
50 ally achieve their intended purpose of provid- 
ing a composite product, considerable diffi- 
culty is experienced, particularly in the case 
of billet extrusion, in attaining a ^sfactory 
degree of uniformity of the two metallic layers 
55 Shout the extruded produce, that is to 
sav the required uniform longimdinal and 
^nsverte distribution of the metals m the 

eX vSiTe^edients have been suggested for 
60 overcoming this difficulty, ranging from the 
orovision of a glass-like lubricant between the 
Cpo£e billet and the die and between .tfc 
bille? and the billet container, for die pur- 
pose of attaining longitudinal uniformity, to 
65 determined relative arrangement of the 



components of the composite billet. . 

Another method aimed at achieving both 
longitudinal and transverse uniformity of dis- 
tribution of the metals in a composite rod or 
wire consists in extruding a coating metal 70 
through a die around a preformed wire or 
rod, which is preferably fed forward in the 
direction of extrusion through the die at a 
speed in conformity with the rate of extrusion 
of the coating metal. . 

The principal object of this invention is to 
provide an improved method of making bi- 
metallic or multi-layered metallic stnp or rod, 
which is simple and efficient. 

Another object is to provide a method of 80 
making bi-metallic or mululayered metallic 
strip or rod by means of which uniformity of 
disttibution of the component means through- 
out the length of the strip or rod is assured. 

A furthe? object is to enable bi-metalhc or 85 
multi-layered metallic strip haying uniform 
longitudinal and transverse distribution of tbe 
component metals throughout the stnp to be 
obtained by an extrusion method. 

According to the invention, a method of 90 
producing bi-metallic or multi-layered metal- 
lic strip or rod comprises extruding two or 
more separate billets simultaneously through 
a common die at the same speed, the cross- 
sectional areas of the billets being predeter- 95 
mined in accordance with the relative propor- 
tions of the metallic layers required in the 
extruded product , 
Each billet is preferably composed of only 
a single metal or alloy, the number of biUec 100 
simultaneously extruded being determined by 
the number of layers required m the finished 

Se Sision of the billets should preferably 
be carried out at such a temperature that the 105 
So or more metals or alloys become pressure 
welded together in the die and below that at 
which the formation of a liquid phase can 
arise due to interaction between the metallic ^ 

C °^°Sing out the invention, each billet 
may be extruded by an independendy oper- 
ated ram, the said rams bemg driven at the 
same speW. If desired, however, the rams 



882,693 



5 



may be actuated by a common operating 
mechanism. 

The billets are advantageously located in 
containers arranged in parallel relation ver- 

b tically above the extrusion die and are ex- 
truded by vertically operating rams. Or, one 
or more of the billets may be so arranged and 
the other billet or other billets may be disposed 
horizontally with respect to the die and be 

10 extruded by a horizontally moving ram or 
rams operated independently of the vertical 
ram or rams. 

By suitably modifying the bore of the 
common extrusion die, ordinary continuous 

15 overlay or inlay extruded bi-metal sections, or 
edge-lay sections may be obtained. By the use 
of independendy operated extrusion rams, dis- 
continuous or " interrupted " multi-metal sec- 
tions can also be readily obtained by the 

20 method of the invention. 

Any suitable combination of metals or alloys 
may be used in carrying out the invention, 
such as are commonly employed in existing 
methods of making composite metal strip or 

25 rod. For example, combinations of silver- 
copper, silver-steel, silver-phosphor bronze, 
silver-cadmium may be used. Any other suit- 
able combination of base metals or alloys or 
of base metal and noble metal or alloys there- 

30 of may, however, be employed in carrying out 
the invention. The choice of suitable combina- 
tions is considered to be welt within the skill 
of persons skilled in the art and it is not 
thought necessary to enumerate them here. 

35 In carrying out the invention in practice, 
according to a preferred embodiment for the 
production of copper-silver bi-metal strip, a 
copper billet and a silver billet, the relative 
cross-sectional areas of which are predeter- 

40 mined in accordance with the relative propor- 
tions of the copper and silver layers required 
in the finished strip are placed in vertical con- 
tainers arranged side by side above a common 
extrusion die. Associated with each container 

45 is a ram adapted to apply pressure to the 



billet in its pertaining container so as to ex- 
trude the metal of the billet through the die. 
The two rams are actuated by a common driv- 
ing mechanism so that, in operation, both rams 
are moved simultaneously at the same speed. 50 

The copper and silver billets are thus 
simultaneously extruded at the same speed 
through the common die, to produce a copper- 
silver over-lay bi-metal strip, the two com- 
ponent layers of which are intimately bonded 55 
to one another throughout the length of the 
strip, the copper and silver beinj* uniformly 
distributed in the required relative propor- 
tion throughout 

By suitably constructing the extrusion die 60 
opening, the extruded silver layer may be 
caused to lie in a channel formed in the copper 
Layer during extrusion thereof, whereby an in- 
lay bi-metal strip may be obtained. 

Or, the silver billet may be extruded 65 
through two separate channels in the die so as 
to form two edge layers of silver on the ex- 
truded copper layer. 

Whilst in the above, the rams have been 
described as being operated by a common 70 
driving mechanism, it will be understood that 
each ram may be independently operated, it 
only being necessary to ensure that they are 
driven synchronously and at the same speed. 

The use of independently operated rams, 75 
moreover, has the advantage that one or more 
of the rams may be operated intermittently, 
whilst die other or others is/are continuously 
operated, whereby strip composed of bi-metal 
sections spaced by single metal layer sections 80 
or multi-metal sections spaced by bi-metal 
sections can readily be obtained. 

It is to be understood that the invention 
is intended to include within its scope bi- 
metal or multi-metal strip or rod when made 85 
by the method of the invention. 

CHARLES K. REDFERN, 
Chartered Patent Agent, 
78 Hatton Garden, London, E.C.I. 
Agent for Applicants. 



Leamington Spa: Printed for Her Majesty's Stationery Office, by the Courier Press. — 1961. 
Published by The Patent Office, 25, Southampton Buildings, London, W.C.2, from which 

copies may be obtained. 



882693 COMPLETE SPECIFICATION 

1 CUCPT drawing Is a reproduction of 
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